The thermal conductivity of crystalline alkali halides MX (M = Li, Na, K, Rb, and Cs; X = C1, Br, and I) close to their melting point has been measured by the steady-state coaxial-cylinders method. It was found to change anomalously as the temperature varied. A minimum of the thermal conductivity at a characteristic temperature depends on the ionic composition of the crystal. This effect is ascribed to the formation of cooperating defects in the melting lattice. An expression relating the thermal conductivity of the ionic crystal near the melting point to the concentration of these defects is proposed.
Introduction
Data on the thermal conductivity (X) of crystalline alkali halides at high temperature are scarce. Those of solid lithium fluoride, natrium chloride and potassium chloride measured up to the melting point are in disagreement [1] [2] [3] . The thermal conductivity exhibits appreciable deviations from that calculated on the basis of the phonon theory of energy exchange [4] [5] [6] [7] . It has been conjectured that these deviations from the law A ~ T~" result either from the contribution of radiation or a redistribution of the optical and acoustic modes at elevated temperatures. In order to elucidate this problem we have measured the thermal conductivity of alkali chlorides, bromides and iodides as a function of temperature close to their melting point.
Experimental
The steady-state method of coaxial-cylinders was used. The design of the experimental device was described in [8] . Platinum was selected as the most suitable material for the cylinders. The gap between the cylinders was 1 mm wide and the temperature difference over it did not exceed 1.5 K to diminish heat transfer by radiation. The low emissivity of platinum and the transparency of alkali halides in the spectral range of maximum heat absorption enabled to reduce the contribution of heat transfer by radiation to 3-5%.
Special attention was paid to preparing anhydrous pure salts since adsorption of any impurities could affect the reflectivity of the platinum surface. Highpurity alkali halides were heated under vacuum. Possible contaminants were removed by zone melting. The experiments were carried out in an atmosphere of high-purity inert gas.
X was measured when the temperature difference (A T) through the gap filled with salt and the heat flow (Q) became constant. It was calculated by the equation X = In(R/r) • Q/(2nl • AT), where R and r are the outer and inner radii of the annular salt layer while / is the axial extent of the gap.
The error or our results did not exceed 6%. Particular attention was paid to the experimental procedure. First the device was immersed in the fused salt so that the gap between the cylinders was filled with it. Then salt was slowly cooled until a temperature slightly lower than the melting point was reached. Then X of the crystalline salts was measured in accordance with [8] .
Since molten salts wet the noble metals there occurred no scaling of the crystallizing salts from the platinum walls. Cracs in the crystalline salt layer would impair the experimental data. When the formation of cracks occurred, the thermal conductivity droped quickly. In this case the run was interrupted, the salt was again fused and the previous experimental procedure was repeated. The temperature of the initial 0932-0784 / 93 / 0400-607 $ 01.30/0. -Please order a reprint rather than making your own copy.
formation of cracks decreases as the molecular mass of the salt increases, going from lithium to caesium halides. The short-time evolution of the heat of crystallization and additional infrared radiation [9] at the melting point could not influence the thermal conductivity of the crystalline alkali halides measured at lower temperatures. The same thermal conductivity determined both with heating and cooling the salt was found within the experimental error.
Results and Discussion
In [10, 11] the thermal conductivity of molten alkali halides was found to increase sharply when the melting point was reached. On further cooling, however, X of the solid salt decreased and reached a minimum (/l min ) at a characteristic temperature (T min ). Then the thermal conductivity increased with decreasing temperature, in good agreement with the phonon theory of heat transfer.
X of crystalline alkali halides varies with temperature according to empirical equation
The values a, b, and c calculated from experimental data by a least-squares fitting are given in Table 1 . T min , A min and temperature ranges of the measurements are also tabulated there. The experimental thermal conductivity, A exp , differs greatly from X id estimated on the basis of the phonon theory of energy exchange in ionic crystals at temperatures higher than the Debye temperature [4] , In terms of this theory we attributed the premelting effect observed to the peculiarities of the defective crystal near the melting point.
Under heating the number of the thermal defects rises and so the thermal conductivity connected with the phonon mean free path [4, 6] decreases. When the concentration of the defects is low, the interaction between them is so weak that one could expect a linear decrease of log A with rising log T. A deviation from this dependence is only observed close to the melting point (T m ) and for most salts a change in the sign of this dependence takes place. This can be explained with a cooperation of the defects near T m , resulting in a decrease of the number of phonon scattering centres. AX de[ is the difference between the experimental and the "classical" phonon thermal conductivity:
In a wide temperature range lower than T min the thermal conductivity is described by the equation
where n is constant, that is in accordance with the phonon theory of heat transfer. At higher temperatures up to the melting point X id can be estimated by extrapolation of this relation.
The value of AX de[ is related to the concentration (N) of the cooperating defects. There exist reliable data on the lattice parameter (a) as a function of temperature for various crystalline alkali halides up to the melting point [12] . The experimental values of a show positive deviations (Acc) from those calculated by the relation log a = const (1/T) over the same temperature range, the "anomalous" thermal conductivity is observed. These deviations are also connected with the lattice imperfections close to T m . So the ratio of Ja at a given temperature to that at the characteristic temperature (T m or T min ) can be used as a measure of the concentration of the cooperating defects. 
